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Modification of Trunk Thickness of MIRD phantom Based
on the Comparison of Organ Doses with Voxel Phantom
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Abstract - Because the MIRD phantom, the representative mathematical phantom
was developed for the calculation of internal radiation dose, and simulated by the
simplified mathematical equations for rapid computation, the appropriateness of
application to external dose calculation and the closeness to real human. body
should be justified. This study was intended to modify the MIRD phantom
according to the comparison of the organ absorbed doses in the two phantoms
exposed to monoenergetic broad parallel photon beams of the energy between 0.05
MeV and 10 MeV. The organ absorbed doses of the MIRD phantom and the Zubal
voxel phantom were calculated for AP and PA geometries by MCNP4C,
general-purpose Monte Carlo code. The MIRD phantom received higher doses than
the Zubal phantom for both AP and PA geometries. Effective dose in PA geometry
for 0.05MeV photon beams showed the difference up to 50%. Anatomical axial
views of the two phantoms revealed the thinner trunk thickness of the MIRD
phantom than that of the Zubal phantom. To find out the optimal thickness of
trunk, the difference of effective doses for 0.5MeV photon beams for various trunk
thickness of the MIRD phantom from 20cm to 36 cm were compared. The optimal
thunk thickness, 24cm and 28 cm for AP and PA geometries, respectively, showed
the minimum difference of effective doses between the two phantoms. The trunk
model of the MIRD phantom was modified and the organ doses were recalculated
using the modified MIRD phantom. The differences of effective dose for AP and
PA geometries reduced to 7.3% and the overestimation of organ doses decreased,
too. Because MIRD-type phantoms are easier to be adopted in Monte Carlo
calculations and to standardize, the modifications of the MIRD phantom allow us to
hold the advantage of MIRD-type phantoms over a voxel phantom and alleviate the
anatomical difference and consequent disagreement in dose calculation.
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(a) MIRD phantom
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(b) Zubal phantom

Fig. 1. Cross-sectional images of (a) MIRD phantom and (b) Zubal phantom cut by XZ plane(lefty and YZ

plane(right).

Table1. Comparison of organ masses of the MIRD phantom and Zubal phantom.

Organs Weight (g) Organs Weight (g)
MIRD Zubal MIRD Zubal
Gonads 356 69.0 Bone 10183.0 9659.8
Colon 692.1 853.1 Adrenals 15.7 29
Lung 10134 8729 Brain 1470.0 9074
Stomach 402.1 2395 ULI 416.3 853.1
Bladder 508.9 146.8 SI 1696.0 12339
Liver 1833.0 13659 Kidney 288.0 3554
Esophagus 40.2 30.0 Pancreas 61.1 37.0
Thyroid 199 49 Spleen 1759 259.8
Skin 2593.0 6125.1
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Fig. 2. Comparison of organ absorbed doses and
effective doses for the MIRD phantom and the Zubal
voxel phantom with monoenergetic photons of energies
of 0.05, 0.1 and 0.04 MeV for AP (top) and PA (bottom)
geometries.
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Fig. 3. Axial slices through center of lungs of the MIRD
phantom (top) and the Zubal phantom (bottom).
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Table 2. Percent differences of effective doses per unit air kerma, E/Ka(Sw/Gy) for 0.5MeV photon beams in AP

and PA geometries with various thickness of trunk.

AP direction PA direction
Thickne(s;n;)f trunk Effective dose(Sv/Gy) Difference(%)* | Effective dose(Sv/Gy) Difference(%)
1 2.324x 1077 32 1862 %107 103
12 2.267x10™" 0.7 1.811x10™" 7.2
13 2212x107" -18 1754 %10 38
14 2154%107™" -44 1.702x10™" 08
15 2.094x 107 -7 1649% 107" -24
16 2.035%10" 97 1594x10™ -56

* (MIRD— Zubal)| Zubalx 100
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Fig. 4. Axial slice of the modified MIRD phantom, in
which trunk thickness is modified.
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phantom and the Zubal voxel phantom for AP (top) and
PA (bottom) geometries.



AdcBgste 710 u2g £¥ MRDAY BEF4 £73 205
20t 2Edel ZAF ICRP749 A&
bea(easeensn) 3= 7upal o] o)) AME g3 AP, PARY
14 ~—®~ Original MIRD .
= V /.o* :i::\(ﬂz;zi?e‘tiMlRD H < 2}0]% E'O]J—l ‘}}_Q_Fq _)I:@% MIRDE‘E%]%
g ~v-zwaipnaniom  Zubal WE 9} ghol Fae ZHE RAh Zubal
N y Ade Az Fold ICRPY EEA5]¢ ZAks
11 -
. S — t oAdaRY dF6ld NxAER AMSEE
210 s Q\Q\; o]or:v-] ;:L AL 223
Ji oy 4% Qen® o/ 2AZ MIRDIYE FAT ¥ 4
2o — T A2gye B34 nelEoh
g o8 -
i AzAEs A% AA 23GIARES o8
§ [/ stz A4 dAd 7t AZAAe] Jhestt
2 A = L= RLANE We ] A5 [e]
< 7 £ Aol glou #AAY FojAW 2AY £
‘ 9 T T 9% MIRD#H W& 1 2dygapygo] Hiel
X Axis Title I 94" d9xEsE FAEA geEud B
FAgo]l ol AHEE £ flok BHel o
oo EG AYLBRE 5399 TEARE o8
bereageomer) SRR FEAARC Fde REBWS AR
5 IR o) olga AAE ABHAAA N dwa
1o 2 T BAe] Hgely] o@uE ke ¢ Atk @
2., / o—gq A MRDRE #WE AU FouA 44
J . T == A% E Aol Hol: R¥E £ WY
77 = e LA EAN RoklA eriglE A7
/ : 2 Zojth B AFelAE AP, PAYY 2AIE F
% o5 / # FEFARE FHYey ol F LAT, ROT %
// 1SO 59 W% 2AE B Ad2BGS 437
g 7 o/ gdatn 1 AdAe M AKHI £
, , Aol B2E Aotk
o ™ o

Photon energy (MeV)

Fig. 6. Comparison of absorbed doses per unit fluence
(GyGy™") calculated by original MIRD, modified MIRD
and Zubal phantoms with those of ICRP74 for lung
(top) and liver (bottom) in PA iradiation geometry.

=

h

%]

UEH 84 dge MIRDAREY AA <l
ATz ZH3}E TS JFHE AF3
Aol A ARE Hrtstr] Hs AAY
HFGAES o] &3t AFAE ZubaAHi

o) ANAFRIY dFEFE vudto dFHo
9 F8 Yol H& MIRDARY F5FAE &
Z 12cm, 9% l4cmE AR89 £48 A PA
B 0.05MeV FAHe] g FaMF 2o)st
95% A BRoY 3 olF 73%7A AL
o A71AFe ZF$E MIRDIH] Azt A
g& BHYoY FA olF MFAel7t dAF A

b, ok
p

O
2 o\}]r 2

}‘\l.
his
=)
=

———

™
=
na
114

2 d7E Reiled ARATPNATAEA
o A3 WAAAHAZEATAE(TRS)Y

o3} S5l & U

b 1

M
)

1. International Commission on Radiological
Protection, 1990 Recommendation of the
International Commission on Radiological
Protection, ICRP Publication 60, Pergamon
Press (1990).

2. W.S. Snyder, MR. Ford, G.G. Warner, and
HL. Fisher, "Estimates of absorbed fractions
for monoenergetic photon sources uniformly
distributed in  various organs of a
heterogeneous phantom”, MIRD Pamphlet No
5, J. Nucl Med. 10(Suppl. 3) (1969).

3. International Commission of Radiological



206 B R RE &

Protection, "Report of the Task Group on

Reference Man”, ICRP Publication 23,
Pergamon Press (1975).
4. D.G. Jones, "A realistic anthropomorphic

phantom for calculating organ doses arising

from external photon irradiation”, - Radiat.
Prot. Dosim. 72(1), 21-29 (1997).

5 TC. Chao, A. Bozkurt, and X.G. Xu,
“Conversion coefficients based on the

VIP-MAN anatomical model and EGS4-VLSI
code for external monoenergetic photons from
10 keV to 10MeV”, Health Phys. 81(2),
163-183 (2001).

6. K. Saito, A. Wittmann, S. Koga, Y. Ida, T.
Kamei, J. Funabiki and M. Zankl,
"Construction of a computed tomographic
phantom for a Japanese male adult and dose
calculation system”, Radiat. Environ. Biophys.
40, 69-76 (2001).

7. M. Zankl and A. Wittmann, "The adult male
voxel model "Golem” segmented from
whole-body CT patient data”, Radiat
Environ. Biophys., 40, 153-162 (2001).

8. M. Zankl, U. Fill, N. Petoussi-Henss, and D.
Regulla, "Organ dose conversion coefficients
for external Photon irradiation of male and
female voxel models”, Phys. Med Biol, 47,
2367-2385 (2002).

9. RJ. Staton, F.D. Pazik, J.C. Nipper, JL.
Williams, and W.E. Bolch, "A comparison of
newborn stylized and tomographic models for
dose assessment in paediatric radiology”,
Phys. Med, Biol,, 48, 805-820 (2003).

10. LG. Zubal, CR. Harrell, E.O. Smith, Z
Rattner, G. Gindi, and PB. Hoffer,
"Computerized three-dimensional segmented
human anatomy”, Med. Phys.,, 21, 299-302
(1994).

11. T.J. Smith, A.-W. Phipps, N. Petoussi-Hen3,
and M. Zankl, "Impact on internal doses of
photon SAFs derived with the GSF adult
male voxel phantom”, Health Phys. 80(5),
477-485 (2001).

12. JF. Briesmeister, "MCNP - A General
Monte Carlo Code N-Particle Transport
Code, Version 4C”, LA-13709-M (2000).

13. M. Zankl, U. Fill, N. Petoussi-Henss, and

284 F35% 20034

D. Regulla, "Organ dose conversion
coefficients for external photon irradiation of
male and female voxel models”, Phys. Med
Biol. 47, 2367-2385 (2002).

14. o|A7], 4FH, AL, FAA, 7@7], ¢4
o, vl Zel BALI G gie SEHE F
bl A7 FANBIT-F-§/FTHEIA,
Soigha (1998).

15. International Commission on Radiological
Protection,Basic Anatomical and Physiological
Data for Use in Radiological Protection:
The Skeleton, ICRP Publication 89, Pergamon
Press (2003).

16. R. Kramer, JW. Vieira, H.]. Khoury, F.R.A.
Lima, and D. Fuelle, "All about MAX: a
male adult voxel phantom for Monte Carlo
calculations in radiation protection dosimetry”,
Phys. Med. Biol, 48, 1239-1262 (2003).



